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AGRICULTURAL EXPERIMENT STATION
SOUTH DAKOTA STATE UNIVERSITY
BROOKINGS, SOUTH DAKOTA
• SMALL GRAIN
1 7 jggQ
The cover contains a map of South Dakota with the geographical
location (designated with dots) of the outlying 1967 soil fertility
experiments and demonstration plots. The picture shows the Soil
Testing Personnel in the process of harvesting one of the small grain
fertilizer experiments with a small self-propelled combine. The
experimental plot is located in Codington County on the William Mack
farm.
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SOIL FERTILITY AND MANAGEMENT FIELD EXPERIMENTS FOR 1967
Agronomy Staff, South Dakota Agricultural Experiment Station*
Tliis pamphlet is a continuation of the Agronomy Department series which
summarizes outlying soil fertility experiments in South Dakota. Experiments
are conducted in areas of the state where soil fertility problems arise or
where additional information is needed for calibration and correlation of
soil tests.
Experimental sites were selected with emphasis on soil uniformity within
the plot area. Sites were selected so the major soil types were represented.
Special acknowledgement goes to the farmer cooperators for use of their
land for the experimental plot sites, for preparing the seedbed, and for col
lecting data such as rainfall. The assistance of the Soil Survey Staff,
Agricultural Research Service Staff, County Agricultural Agents, and Soil
Conservation Service personnel is gratefully acknowledged.
The support of American Potash Institute, Tennessee Valley Authority,
Nutra Flo Chemical Company, Cominco American, Inc., Farmland Industries,
Eagle-Picher Industries, Inc., and the Agronomic Research Laboratory of
Continental Oil Co. is gratefully acknowledged.
Fertilizer rates reported in this pamphlet are expressed as elemental
phosphorus (P) and potassium (K). Phosphorus and potassium contents of fer
tilizer are now reported as the oxides, P2O5 and K2O. However, Agronomists
and some fertilizer companies agree that it would be simpler and clearer to
show phosphorus and potassium as the elements P and K instead of the oxides,
P2O5 and K2O. Some fertilizer companies are already reporting the P and K
content of the fertilizer in addition to the P2O5 and K2O content as required
by law. The conversion factor for changing the elemental forms to the oxide
forms are as follows:
P x 2.3 = ^2^5
K X 1.2 = K2O
Locations of the plots are shox^ on the cover of this pamphlet. Specific
location of the experimental sites is shown in the discussion. Soil samples
vere taken at each site and the soil test results are reported in the dis
cussion. Water soluble nitrates, organic matter. Bray #1 phosphorus, exchange
able potassium (IN NH4AC), pH, soluble salts, O.IN HCl extractable zinc, and
the sum of calcium and magnesium (Sum of Cations) from the O.IN HCl extract
were determined on the soil samples. Plant samples were taken from several
experimental plots for "complete" analysis. The plant samples were washed,
dried, ground in a Wiley mill equipped with stainless steel parts, and sent
* E. y. DeiFert, R. C. Ward, L. 0. Fine, F. E. Shubeck, E. P. Adams, E. J.
Williamson, and E. J. Langin.
either to the Agronomic Research Laboratory of Continental Oil Co. or the
Ohio State University Plant Analysis Laboratory for analysis. The flag leaf
and upper stem or the top 3 leaves were sampled as the small grains started
to head. Flax was sampled when it was about 10 inches tall. The entire
flax plant was sampled. Corn leaves were sampled at the early silk stage.
The corn leaf opposite and below the ear was sampled.
The amount of water used to produce the crop with and without fertilizer
was determined at several experimental sites. This value was obtained by
measuring the soil profile moisture at planting time to a depth of 4 feet,
keeping a record of the rainfall received during the growing season, and
measuring the soil profile moisture at harvest time. The available water
for plant growth (water used) is calculated as follows: available soil
moisture at planting time + rainfall - available soil moisture at harvest =
water used. This value is the sum of the water transpired by plants, water
lost by evaporation from the soil surface, and possible water loss by sur
face runoff and deep percolation.
Variation is a characteristic of all experimental material. Variation
in field fertilizer experiments comes from two sources: (1) the natural
variability of the crops and soils to which the fertilizer treatments are
applied and (2) the method and uniformity of seeding, fertilizing, etc. and
the accuracy of measurement of the yield, etc. Experimental error is a
measure of this variation. All of the fertilizer treatments were replicated
at each location to determine the experimental error.
The variation caused by fertilizer treatments is separated from the
variation caused by experimental error by analysis of variance. The
treatment variation is then compared to the experimental error. If the ratio
is larger than certain statistical values, the treatments are considered to
have significantly changed the unit (yield, test weight, plumpness or
moisture content) and the change was a real difference.
Analysis of variance was determined on most experiments. The experimental
error from the analysis of variance was converted to a unit error by the method
of Dunnett. Dunnett's test allows one to compare any fertilizer treatment
with the^check treatment. Dunnett's experimental error values were calculated
at the 5/^ probability level. This means that any fertilizer treatment
showing a real unit increase greater than Dunnett's test will do so 95% of the
time.
SMALL GRAIN FERTILIZER EXPERIMENTS
Five small grain fertilizer experiments were conducted in 1967. Three
of the trials were located on individual farmer fields and two were located
on Research Substations. The specific locations of the trials are shown
in Table 1 along with other information about the trials.
The objectives of the small grain fertilizer experiments were as follows;
N P K Fertilizer Experiments
1. To determine the effects of nitrogen (N), phosphorus (?), potassium
(K), and combinations of these nutrients on yield, test weight, and protein
content of small grains.
2. To compare yields and economic returns of barley, oats, and wheat
at one location with different fertilizer applications.
3. To compare the yield increases obtained from the application of
three different sources of phosphorus fertilizer.
4. Determine the influence of past management, climate, and soil
types on fertilizer responses and provide yield response data for correlating
with soil tests.
Secondary and Micronutrient Fertilizer Experiment on Barley
1. To determine adequacy of supply of certain secondary and micro-
nutrients of the Poinsett soils as represented on the Garden City Research
Farm.
2. To investigate effects of secondary elements and potassium excesses
on yield and plant content of several essential plant nutrients.
METHODS AND MATERIALS
N P K Fertilizer Experiments
Four sites were seeded with a 4-foot press drill with 6 inch row
spacings. Plot size was 4 feet by 40 feet for all plots. Yields were
obtained by harvesting 4 rows for a distance of 34 feet with a small
self-propelled combine. All fertilizer was placed with the seed except
where high rates of nitrogen and potassium were used. When the total
application of N and K exceeded 60 lbs/A the remaining amount of nitrogen
(above 60 lbs of N and K/A) was broadcast over the rows after seeding.
Forage yields were taken from selected fertilizer treatments when
the small grain was in the soft dough stage. Ten feet of 1 row was
sampled from each replication and composited into one sample. The samples
were allowed to dry for 2 weeks in a forced air drier and then dry matter
yields were determined. A representative sample was ground and analyzed for
nitrogen, phosphorus, and potassium.
Yields and test weights are reported as the average of four replications
Protein content was determined on a composite sample of the four replications.
Wheat and oat protein was calculated on a 14-percent moisture basis. Barley
protein was calculated on an oven-dry basis. Plumpness of barley is reported
as the percent barley remaining on a 6/64" x 3/4" slotted screen.
Fertilizer used in the NPK fertilizer experiments to make up the
various treatments were:
1. 33-0-0 Ammonium Nitrate
2. 0-46-0 (0-20-0 elemental basis) treble superphosphate
3. 0-0-60 (0-0-50 elemental basis) muriate of potash
0-52-0 (0-23-0 elemental basis) treble superphosphate
"orthophosphate" -85% water soluble
5. 20-20—0 (20-9-0 elemental basis) nitric phosphate -
43% water soluble
6, 15-60-0 (15-26-0 elemental basis) ammonium polyphosphate
completely water soluble
All plots were sprayed for weed control with 1/2 lb. of 2,4-D.
-20-
Barley Secondary and Micronutrient Fertilizer Experiment
Twenty-two variables in potassium, secondary nutrients, and micro-
nutrients were studied by field plot trial method with nutrient application
being made prior to seedbed preparation. An over-all application of 40
lbs. of N and 20 lbs. of P was made to assure adequate supply of those
nutrients. Three replications were used.
Primus barley was planted in late April in 7-inch spacing with a
press—wheel drill. It was harvested August 2 and yields were calculated
from individual plot weights. Data was evaluated by analysis of variance.
Plant samples (flag leaf and upper stem) were taken on June 22 from
all treatments of replication 3. Tissue was dried and sent to the Con
tinental Oil Co. Agronomic Research Laboratory for analysis. Soil
samples from this replication were also sent for supplemental analysis.
The experiment was located on the Garden City Research Farm. Co
operation of the American Potash Institute and the Agronomic Research Lab
oratory of Continental Oil Co. is herewith gratefully acknowledged.
EXPERIMENTAL RESULTS
NPK Fertilizer Experiments
Most of the trials were slow germinating because of the cool temp
eratures in April and early May, Early growth was slow because of cool
temperatures and low rainfallj however, stands were good. June was cool
with above normal rainfall (see Table 3). July was cool which allowed
the small grains to develop and produce very high yields. Harvest was
2 to 3 weeks later than normal.
Location of the experiments, cooperator, and experimental crops are
shown in Table 1, Soil test results for the soil profiles at each site
are reported In Table 2. The organic matter content of the surface soil
ranged from 2.2% at the Faulk County site to 3.5% at the other sites.
Nitrate nitrogen content of the soil profile was highest in the Codington
County (Mack) site. Available phosphorus ranged from 8 to 20 lbs. P/A.
Exchangeable potassium ranged from 191 lbs. K/A at the Codington County
(Mack) site to 430 lbs. K/A at the Faulk County site. Soil pH was about
neutral and soluble salts were low at all sites.
Rainfall for the growing season is shown in Table 3. Rainfall
ranged from 6.1 inches at the Codington County site to 12.2 inches at
the Deuel County site.
Barley
Yield, test weight, plumpness, and protein content of the barley
fertilizer trials are shown in Table 4. Very good yield increases
were obtained at both sites.
Nitrogen significantly increased the barley yield at the Codington
County location. Nitrogen response was measured when 20 lbs. of P/A
(46 lbs. P20^/A) were applied. Sixty pounds of nitrogen per acre
increased the barley yield 23 bushels/A. Phosphorus did not increase
the barley yield. Potassium increased the barley yield considerably.
Yield increases of 8 and 13 bushels/A were obtained when 15 and 30 lbs.
of K/A were applied. The treatment 60+20+30 produced a yield of 80.8
bushels/A which was a 39 bushel/A increase above the check treatment.
Nitrogen tended to decrease barley test weight at the Codington
County site. Barley plumpness was increased by 30 lbs. of N and 20 lbs.
of P/A, but was decreased by 60 lbs. or more of N/A. Potassium tended
to increase barley plumpness. The protein content was increased about
1.5% when 60 lbs. or more of N/A were applied.
At the Deuel County location, the barley yield was increased 49
bushels/A when 90 lbs. of N/A were applied. Phosphorus at the rate of
20 lbs. of P/A increased the yield 32 bushels/A. Barley yield was
increased 8 bushels/A when 30 lbs. of K/A were applied. However, at
90 lbs. of N/A, potassium did not increase the yield. The highest
barley yield (99.3 bu/A) was obtained with the 90+30+0 (90+69+0 oxide
basis) treatment which was 59 bushels/A greater than the check treat
ment.
Test weight was high at this location. Barley plumpness appeared
to be the highest when a combination of phosphorus and 60 lbs. or less
of N/A were applied. When phosphorus was applied with 60 lbs. of N/A
the protein content appeared to decrease with larger applications of
phosphorus.
Wheat
Yield, test weight, and protein content of the wheat fertilizer
trials are shown in Table 5.
Wheat yields at the Day County location were increased 18 and 25
bushels/A when 60 and 90 lbs. of N/A were applied with 20 lbs. of P/A.
Phosphorus at the rate of 20 lbs. of P/A increased the wheat yield 17
bushels/A when 60 lbs. of N/A were applied with the phosphorus. Com
bination treatment 90+20+0 increased the wheat yield 35.3 bushels/A
above the check treatment. No yield increase was obtained from an
application of potassium.
Test weight was not changed by the addition of fertilzier at the
Day County location. Protein content increased slightly when nitrogen
was applied without phosphorus. I^Jhen phosphorus was applied in com
bination with 60 lbs. of N/A, the protein content decreased as more
phosphorus was applied. (Protein decreased 1.6% when 30 lbs. of P/A
were applied).
Nitrogen response was not as great at the Faulk County location.
Yields were increased 7 and 12 bushels when 30 and 90 lbs. of N/A were
applied with 20 lbs. of P/A. Sixty lbs. of N/A did not increase the
yield above the 30 lbs. of N/A rate. Phosphorus response at this
location was small. Five pounds of P/A increased the yield 3.4
bushels/A. The combination treatment (30+20+0) increased the wheat
yield 10 bushels/A above the check treatment. No potassium response
was observed.
Test weight did not appear to change with applications of fertilizer
Protein content was increased by 90 lbs. of N/A and by 60 lbs. of N/A
the phosphorus application was low. The higher rates of phosphorus
with 60 lbs. of N/A decreased the protein content.
Barle^ and Wheat Comparisons
Another objective of the small grain fertilizer trials was to
compare barley, oats, and wheat at one location to obtain information
on the fertilizer response pattern of each small grain and to determine
which crop is most economically feasible to grow in the area.
1 weight, and protein content of the small grains at eachlocation are shown in Table 6. The yields are reported as lbs. of
grain/A. Dunnett s tests are given so that: average yields of the
crops can be compared; average yield of the treatment can be compared;
and individual yields can be compared (C x T). Asignificant value for
crops means that the crops yielded differently. Likewise, a significant
value for treatments means that small grain yields were increased by certain
fertilizer treatments. A significant C x T value means that the three crops
responded differently to the various fertilizer treatments, or an interaction
occurred.
At the Codington County site, barley produced the highest yields
and wheat produced the smallest yields. Barley showed large responses
to fertilizer, especially nitrogen and potassium. Oats showed a large
response to nitrogen and none to potassium. Wheat showed small responses
for all fertilizer treatments.
Barley produced the highest yields (lbs/A) at the Deuel County site
and wheat produced the lowest yields. Greatest barley and oat yield
increases were obtained with an application of nitrogen and phosphorus.
Wlieat yields were increased slightly with a combination nitrogen and
phosphorus. Wheat and barley yields were increased slightly with an
application of potassium.
At the Faulk County site, oat yields were very poor. The oats
were overly ripe and had started to shatter before harvesting was started
and may be the reason for the poor oat yields. When phosphorus fertil
izer was applied the maturity of the oats was increased and more shattering
occurred which may account for the lower oat yields v/hen phosphorus was
applied. Barley produced the highest yields at the Faulk County site.
Barley and wheat yields were greatest when nitrogen and phosphorus were
applied in combination. However, barley yields were increased more than
the wheat yields.
In summary, in 1967 barley produced the largest yields when yields
were based on pounds of grain per acre. Barley and oats produced large
yield increases from an application of nitrogen or nitrogen and phosphorus.
Wheat and barley (not oats) responded to an application of potassium at
the two locations where a potassium response was observed.
Table 7 shows the net profit of barley, oats, and wheat at each
location for the five fertilizer treatments. Barley produced the
largest profit per acre at the Deuel and Codington County locations
($45.00 and $36.51, respectively) and wheat produced the largest profit
per acre at the Faulk County location ($32.91). Net profit was determined
by considering the price of oats at $ .60, barley at $ .90, and wheat
at $1.50. Other costs are shown in the footnotes of Table 7.
Water Use
Table 8 shows the amount of water "used" to produce the small grain
crops. This includes rainfall and amount of water taken from the soil
profile during the growing season. One objective of good crop production
is to make the best possible use of the available water. Any factor
that promotes high yields will improve the water use efficiency of the
crop. When fertilizer does not increase the yield, water use efficiency
does not increase. This is shown in Table 8 for oats in Faulk County.
In general, i^ater use efficiency was very good in 1967. The highest
water use efficiencies were: barley, 8.8 bushels/inch water used; oats,
9.3 bushels/inch water used; and wheat, 3.8 bushels/inch water used.
Sources of Phosphorus Fertilizer
Three phosphorus sources were evaluated at two locations. TVA
supplied the fertilizer materials. Yield, test weight, and protein
content of the grain are listed in Table 9.
Barley was gro\-m at the Deuel County (Peterson) site. No sign
ificant yield difference (average of all treatments) was observed
among phosphorus sources. A significant difference was found among
rates of phosphorus. No significant difference was found for the
source x treatment interaction which means the phosphorus sources
increased barley yields in a similar manner. All phosphorus treatments
produced higher yields than the nitrogen check (60+0+0). No signi
ficant differences x>7ere obtained for test weights. Protein content
decreased as phosphorus rates increased.
Yields and test weights of wheat at the Faulk County Pasture
Research Center site were not significantly changed by phosphorus
sources, phosphorus rates, or the interaction of the two. Protein con
tent of the grain was not greatly influenced by sources or rates of
phosphorus.
Plant Analysis
Plant analysis can give an indication of the nutritional status
of the planLS growing on the soil. Therefore, plant analysis can be
used as a diagnostic tool for predicting sufficiency and deficiency levels
of nutrients. At the present time, these nutrient levels have not been
determined for small grains grown under South Dakota climatic conditions.
Nutrient content of the small grain leaves are reported for general com
parison. Plant analyses are shown in Table 10 and will be used with
other analyses to determine sufficiency levels for small grains.
Some of the nutrient contents are quite variable among the treat
ments at one location. Some of the variability could be from contamination
when taking the samples and when preparing the samples for analysis.
Boron (B) and iron (Fe) are the nutrients showing the most variability.
Plant analysis show that barley, oats, and wheat contain different
levels of various nutrients. Nitrogen and phosphorus content of the leaves
appeared to be similar for the 3 crops. Potassium (K) content was higher
in oat leaves than in wheat or barley leaves. Calcium (Ca) content of
barley leaves was higher than oats or wheat. Magnesium (Mg), manganese
(Mn), iron (Fe) , boron (B), and zinc (Zn) were quite variable among
locations, but appear to be similar for the 3 small grains.
I"Jhen comparing the five fertilizer treatments for barley and wheat,
it appears that near maximum yields were obtained when nitrogen (N) con
tent of the leaves was higher than 3.6%, phosphorus (P) content of the
leaves was higher than .20%, and potassium (K) content of the leaves was
higher than 1.6%. It appeared, in some cases, that zinc (Zn) content
in the leaves decreased when phosphorus fertilizer was applied. Plant
analysis of the phosphorus source experiments showed that the plants
contained less phosphorus when fertilized with orthophosphate (0-52-0,
treble superphosphate). However, yields were the same for all 3 sources
of phosphorus fertilizer.
Small Grain Analysis
Forage samples were taken from the small grain fertilizer experiments
in the soft dough stage to determine the dry matter yield for the entire
crop and to determine the total uptake of nitrogen, phosphorus, and
potassium. Forage yields and uptake of N, P, and K are shown in Table
11. In general, nitrogen or a combination of nitrogen and phosphorus
produced the largest forage yields which was approximately 5 tons of dry
matter/A. Check plots averaged about 3 tons of dry matter/A. Nutrient
uptake generally was highest when yields were highest.
Nitrogen uptake by the plants averaged about 50 lbs. of N/A for the
check plot and about 90 lbs. of N/A for the 60+20+0 treatment. Phosphorus
uptake averaged about 7 lbs. of P/A (15 lbs. of P2O5) for the check plot
and 11 lbs. of P/A (25 lbs. of P2O5) for the 60+20+0 treatment. Potassium
uptake averaged about 80 lbs. of K/A (96 lbs. of K2O) from the check plot
and about 140 lbs. of K/A (168 lbs. of K2O) for the 60+20+0 treatment.
A comparison among barley, oats, and wheat, showed that nitrogen uptake
by barley was less than oats or wheat. Uptake of the other nutrients
appear to be about the same for the 3 crops.
Barley Secondary and Mcronutrient Fertilizer Experiment
No consistent effect of treatment on yield of barley resulted,
however, a distinct trend to increased grain yields with increasing
potassium applied was noted, and the highest yield average for a
treatment was the high K plot (800 lbs. of K per acre). Test v/eights
were not consistently affected by treatment.
Remarkable influences of treatment on plant composition were noted,
especially respecting sulfur, copper, zinc, aluminum, calcium, and magnesium.
Potassium depressed uptake of sulfur, calcium, magnesium, copper, zinc,
and aluminum. Additions of many elements affected uptake of other nutrients
more than of the nutrient being added in many cases. However, zinc and
copper contents were enhanced by additions of the respective element to
the soil, and zinc additions remarkable enhanced copper uptake.
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Leaf Analysis Data From the 1967 Small Grain Fertilizer Experimental
Sites for Various Fertilizer Treatments.
Treatment
lbs/A
N + P + K
OfO+0
0+2(>f0
60+0+0
60+20+0
60+20+15
60+20+15
60+20+15
0+0+0
0+20+0
60+0+0
60+20+0
60+20+15
60+20+15
60f20+15
0+0+0
0+20+0
60+0+0
60+20+0
60+2Ofl5
0+0+0
0+20+0
60+0+0
60+20+0
60+20+15
60+20+15
60+20+15
60+0+0
60+20+0
Ortho
nitric
poly
60+0+0
60+20+0
ortho
nitric
poly
Yield N
Bu/A %
Ca Mg B Cu Zn
>pm ppm ppm
Codington County-Mack
89.8 4.40
38.0 4.36
15 15 19
10 4 16
10 4 16
6 8 12
5 7 20
Deuel County-Peterson
50.9 4.49
83.4 3.29
87.8 3.64
107.1 3.85
44.3 3.62
8 15
Day County-Bohn
15 2.10 .28 .19 78 42 8 3 15
15 2.20 .34 .19 49 42 2 3 12
14 2.20 .36 .23 75 55 9 3 21
24 2.00 .45 .32 100 67 6 3 16
15 1.90 .29 .20 60 49 3 3 12
Faulk County-Pasture Research Center
24 1.90 .31 .21 59 70 1 3 18
24 1.90 .30 .20 70 60 2 3 15
20 2.10 .35 .26 78 75 11 3 22
26 2.00 .41 .24 87 70 1 3 18
28 2.10 .36 .24 80 105 10 3 18
31 2.97 1.16 .34 65 84 7 10 19
24 4.09 .41 .20 51 105 6 7 12
Phosphorus Sources
Deuel County-Peterson
49.8 4.29"
78.1 3.29
79.3 3.32
82.1 3.45
20 2.59 1.45 .43 105 107 5 12 23
20 1.70 1.90 .54 105 233 9 5 15
25 1.79 2.29 .84 121 279 7 11 20
27 1.94 1.83 .57 94 158 6 9 17
Faulk County-Pasture Research Center
34.2 3.91 .30 2.24 .41 .3. . .32 68 74 5 8 22
26 2.00 .41 .24 87 70 1 3 18
31 2.08 .47 .37 79 73 5 7 18
31 2.12 .51 .38 75 70 5 8 18
38.0 3.92
38.3 3.95
38.3 3.92
Table 11. Forage Yields and Nutrient Content of Small Grain for Various
Fertilizer Treatments From the 1967 Small Grain Fertilizer Experiments
Treatment Dry Matter Nutrient Content
Crop lbs/A Yield Nitrogen Phosphorus Potassium
N + P + K lbs/A lbs/A lbs/A lbs/A
Barley
Wheat
Barley
Wheat
Wheat
Wheat
Barley
0+0+0
0+20+0
60+0+0
60+20+0
60+20+15
0+0+0
60+20+15
0+0+0
60+20+15
0+0+0
0+20+0
60+0+0
60+20+0
60+20+15
0+0+0
60+20+15
0+0+0
60+20+15
0+0-K)
0+20+0
60+0+0
60+20+0
60+20+15
Codington County-Mack
37
35
59
61
54
64
88
57
112
Deuel County-Peterson
4550 55
6148 55
4488 84
9542 96
9278 82
3408 64
9259 141
3787 60
7272 111
6384
6302
7310
11654
8448
Day County-Bohn
Faulk County-Pasture Research Center
0+0+0 6475 70 5
0+20+0 6552 77 8
60+0+0 8688 116 10
60+20+0 10632 105 13
60+20+15 10334 86 9
0+0+0 6250 42 6
60+20+15 8563 58 10
0+0+0 4766 60 8
60+20+15 7411 80 12
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Table 13. Barley Leaf Composition at Early Heading Stage (June 22), as Affected by
Potassium, Secondary and Trace Element Additions to Poinsett Silt Loam on
The Garden City Research Farm in 1967.
Treatment! N P K S Ca Mg B Cu Fe Mn Zn A1
Number % • % % % % % ppm ppm ppm ppm ppm ppm
1 4.4 .31 2.2 .24 .74 .33 10 7 60 78 30 6
2 3.0 .30 1.9 .32 .49 .28 13 4 67 65 29 6
3 2.9 .29 2.2 .24 .47 .24 15 4 62 42 32 5
4 4.8 .27 2.6 .26 .80 .27 9 8 66 69 27 6
5 3.8 .34 2.4 .24 .48 .30 17 7 73 78 33 10
Mg Ave. 3.8 .30 2.3 .26 .60 .28 13 6 66 66 30 7
6 2.9 .37 2.2 .28 .49 .24 26 9 128 100 34 27
7 3.7 .35 2.2 .22 .50 .27 14 4 95 69 31 13
8 4.2 .29 3.0 .22 .64 .25 6 8 67 50 29 5
9 3.3 .32 4.8 .28 .46 .28 14 5 63 60 39 5
Mn Ave. 3.5 .33 3.0 .25 .52 .26 15 6 88 70 33 12
10 4.3 .38 2.7 .16 .84 .35 16 10 110 79 33 13
11 4.4 .38 2.6 .30 .82 .33 15 13 93 100 29 21
12 4.3 .31 2.3 .32 .71 .31 13 12 120 90 33 13
Cu Ave. 4.3 .36 2.5 .26 .79 .33 15 12 108 90 32 16
13 3.8 .33 2.4 .26 .74 .30 12 11 80 81 33 10
14 4.0 .34 2.4 .24 .59 .31 11 10 80 80 47 18
15 4.1 .40 2.5 .26 .58 .33 17 12 90 93 46 19
16 3.5 .39 2.4 .24 .49 .31 21 10 72 100 56 26
Zn Ave. 3.8 .36 2.4 .25 .60 .31 15 11 80 88 46 18
17 3.9 .35 2.2 .30 .56 .29 16 12 70 78 55 7
18 3.1 .39 2.3 .10 .42 .27 21 9 93 82 29 7
19 3.2 .34 2.4 .06 .46 .22 12 6 68 69 26 6
20 4.1 .31 2.7 .18 .47 .18 9 10 69 60 28 5
21 3.9 .33 2.4 .28 .45 .19 11 9 65 62 27 6
K Ave. 3.6 .34 2.4 .16 .45 .22 13 8 74 68 28 6
22 3.7 .29 2.4 .22 .53 .25 4 12 68 44 32 17
Exp Ave. 3.8 .34 2.5 .22 .58 .28 13 9 80 74 35 11
Min. 2.9 .27 1.9 .06 .42 .18 4 4 60 42 26 5
Max. 4.8 .40 4.8 .32 .84 .35 26 13 100 100 56 27
See Table 12 for description of treatments.
FLAX FERTILIZER EXPERIMENTS
Four flax fertilizer experiments were conducted on outlying areas
of the state. Specific location of the experimental sites and other
information about the experiments are shown in Table 14. Objectives of
the flax fertilizer experiments were as follows:
1, To determine the effects of zinc, phosphorus, and combinations
of the two on flax yields.
2. To compare plow-down versus with-the-seed applications of
phosphorus and zinc.
METHODS ATJD MATERIALS
Flax was seeded with a 4-foot press drill with 6" spacings at two
locations (Brown County and Codington County). The plots were 4 feet
wide and 40 feet long. Each treatment was replicated 4 times. Four
rows-34 feet long were harvested with a small self-propelled combine.
Yields and test weights are reported as the average of 4 replications.
At these two locations, 40 lbs. of N/A were plowed down on all plots
Phosphorus and zinc (Zn) were either plowed down or placed with the seed.
Commercial fertilizer sources included 33-0-0, 0-46-0, and zinc sulfate
(36% Zn). The plots were sprayed with Bromoxynil + Dalapon + MCPA to
control wild buckwheat and other weeds.
Zinc as zinc sulfate and phosphorus as treble superphosphate were
broadcast before seedbed preparation on fall-plowed alfalfa land on the
Deuel County (Quail) site and fall plowed oat stubble on the Brookings
County (Horner) site. Seedbeds were prepared by discing and harrowing.
Flax was seeded by the farmer-cooperator. A control, 3 levels of zinc,
and 3 levels of phosphorus were used, two of which had zinc also added.
Nitrogen was applied to all plots at the rate 30 lbs. N/A. Grain was
harvested by the yard-square technique (3 per plot) on the Deuel County
(Quail) site, and by self-propelled combine on the Brookings County
(Homer) site.
Yield data were evaluated by analysis of variance. Treatments were
replicated 5 times.
EXPERIMENTAL RESULTS
The 1967 year was a good year for flax production. Timely rainfall
during the growing season was received at the experimental sites. However,
the rainfall at the Codington County (Korth) site totaled 7.1 inches
which was 3 to 5 inches less than at the other locations (Table 16).
Soil test results are shovm in Table 15. The sandy soil (Brown County)
had a much lower organic matter level and a much higher potassium level
than the other 3 locations. Zinc availability appeared to be adequate
by the soil test values.
Flax Yields
Yields and test weights for the fertilzier experiments with flax
are shown in Table 18.
The Broxm and Codington County sites were damaged by spraying with
Bromoxynil 4- Dalapon + MCPA for weed control. Some of the damage resulted
from spraying the flax too late. The flax was 10 to 12 inches tall
when sprayed. No yield increase was obtained when fertilizer was applied.
Flax yields were higher at the Codington County location. The flax
was not damaged as severely by the herbicide. Excellent control of the
wild buckwheat was observed. Flax yields were not increased statistically
by applications of phosphorus, zinc, or phosphorus and zinc. However, a
plow down application of 20 lbs. of P/A (46 lbs. of P2O5) increased the
yield 4 bushels/A. It appears that plow-down phosphorus increased the
yield more effectively than phosporus placed with the seed. Zinc did
not increase the yield of flax.
Flax yields at the Deuel County location were very similar for all
treatments and ranged from about 20 to 23 bushels/A as an average of 5
replications of each treatment. Statistical analysis of the data showed
no significant effect on yield of the flax seed, although somewhat
earlier maturity was noted on the phosphorus-treated plots, and bolls
appeared more prominent and larger at the Brookings County site.
Although flax has a very high zinc requirement in terms of plant
composition (approximately twice that of corn) there was apparently
sufficient supplied by the soil at these yield levels so that yields
were not restricted in the absence of applied fertilizer zinc.
Flax Forage
Forage samples were collected at the Codington County location for
yield analysis and measurement of nitrogen, phosphorus, and potassium
uptake. Forage samples were taken from 1 row for a distance of 10 feet.
Samples from four replications were composited for analysis. The dry
matter yield and nitrogen, phosphorus, and potassium uptake are reported
in Table 19.
Nitrogen uptake ranged from about 80 to 120 lbs. of N/A. This was
similar to the N uptake by small grain reported in the previous section.
However, the dry matter yields were about 1/2 of the small grain forage
yields. Phosphorus uptake ranged from 9 to 17 lbs. of P/A (21 to 40
lbs. of P2O5). Potassium uptake ranged from 50 to 80 lbs. of K/A
(60 to 96 lbs. of K2O). Potassium uptake was lower for flax than for
small grain.
Plant Analysis
Table 20 gives the plant analysis data for the Brown County and
Codington County locations. Nutrients in the flax did not vary considerably
among fertilizer treatments or methods of application. Nitrogen, calcium
(Ca), magnesium (Mg), manganese (Mn), iron (Fe) , and copper (Cu) values
were higher at the Codington County site, a silt loam soil, than at the
Brown County site, a sandy loam soil.
Water Use
Table 17 shows the amount of water "used" to produce flax. Water
use efficiency was higher at the Codington county location because of the
higher yields obtained. Highest water use efficiency was 1.36 bushels
of flax per inch of water used.
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Table 18. Effects of Phosphorus and Zinc on Yield and Test Weight of
Flax Grown on Outlying Plots in 1967.
County
Brown
(Wright)
Codington
(Korth)
Brookings
(Horner)*
Deuel
(Quail)
Treatment
lbs/A
N+P+K+Zn
40+0+0+0
40+10+0+0 D
40+20+0+0 D
40+20+0+0
40+0+0+5 D
40+10+0+5 D
40+20+0+5 D
40+0+0+5
40+20+0+5
Dunnett's
Test, 5%
40+0+0+0
40+10+0+0 D
40+20+0+0 D
40+20+0+0
40+0+0+5 D
40+10+0+5 D
40+20+0+5 D
40+0+0+5
40+20+0+5
Dunnett's
Test, 5%
30+0+0+0
30+0+0+5
30+0+0+10
30+0+0+20
30+40+0+0
30+40+0+5
30+40+0+20
Dunnett's
Test, 5%
30+0+0+0
30+0+0+5
30+0+0+10
30+0+0+20
30+40+0+0
30+40+0+5
30+40+0+20
Dunnett *s
Test, 5%
Yield
Bu/A.
Test
Weight
Ibs/Bu
Phosphorus and/or zinc placed with seed at planting time.
An appreciable portion of grain was lost from this experiment due
to faulty combine performance. Correct yields were in the neighbor
hood of 20 Bu/A.
Table 19. Effects of Fertilizer on Forage Yields and Nitrogen, Phosphorus,
and Potassium Contents of Flax Grown at the Codington County
Korth Location in 1967.
Treatment Dry Matter Nutrient Content
County Lbs/A Yield Nitrogen Phosphorus Potassium
(Cooperator) N+P+K+Zn lbs/A. lbs/A lbs/A lbs/A
Codington 40+0+0+0 3490 77 9 50
(Korth) 40+10+0+0 D 3754 83 10 53
40+20+0+0 D 5486 125 17 66
40+20+0+0 4526 91 15 79
40+0+0+5 D 3922 87 10 65
40+10+0+5 D 3893 84 10 57
40+20+0+5 D 4171 100 11 77
40+0+0+5 4325 78 10 76
40+20+0+5 4066 85 12 71
D Phosphorus and/or zinc placed with the seed at planting.
Table 20. Leaf Analysis for the 1967 Flax Fertilizer Experimental Sites for
Various Fertilizer Treatments.
Brown
(Wright)
Codington
(Korth)
4040+0+0
40+10+0+0 D
40+20+0+0 D
40+20+0+0
40+0+0+5 D
40+10+0+5 D
40+20+0+5 D
40+0+0+5
40+20+0+5
40+0+0+0
40+10+0+0 D
40+20+0+0 D
40+20+0+0
40+0+0+5 D
40+10+0+5 D
40+20+0+5 D
40+0+0+5
40+20+0+5
4.71
4.03
4.36
4.75
4.51
3.92
4.62
5.02
5.00
2.90 0.82
2.70 0.80
2.70 0.82
2.70 0.75
2.80
3.00
2.60
2.60
2.60
2.80
2.70
2.60
2.40
2.80
2.60
D Phosphorus and/or Zinc placed with the seed at planting.
ppm ppm
CORN FERTILIZER EXPERIMENTS
Seven corn fertilizer experiments were conducted in outlying areas
of the state. Location, cooperator, hybrid planted, planting rate, past
management, and planting and harvesting date of the com fertilizer
experiments are shown in Table 21, The objectives of the experiments
were as follows:
1. To determine the effects of nitrogen, phosphorus, and zinc on
the growth of com grown under dryland and irrigated conditions.
2. To determine the rates of nitrogen, phosphorus, and zinc for
irrigated corn.
3. To compare surface planted 30-inch row corn with listed AO-inch
row com under irrigation.
A. To compare two methods of liquid fertilizer application, broad
cast and band injection.
5. To combine many corn cultural practices and determine maximum
yield possible with irrigation in South Dakota.
METHODS AND MATERIALS
The Tripp County (Snethen and Nelson) and Clay County (Hessman)
locations were surface planted in AO-inch rows. Todd County (Reagle)
location was surface planted in 30-inch rows and the Brookings County
location was surface planted in 20-inch rows. Listed com plots at the
Tripp County (Ahlers) and Todd County (Reagle) locations were listed in
AO-inch rows.
Plots at the Tripp County (Snethen) and (Nelson) locations and the
Todd County looation were A rows wide and 50 feet long. The two middle
rows were harvested by hand for a distance of 46 feet. Yield, percent
moisture of ear corn, and other information are reported as averages
of 3 or A replications. Protein content of the com grain was determined
on a composite sample and corrected to 1A% moisture in the com grain.
The Tripp county (Ahlers) location was 8 rows wide and 50 feet long.
The two middle rows were harvested by hand for a distance of A6 feet.
The Brookings County location was hand harvested by picking two rows
for a distance of 25 feet. Two subsamples were taken each of two
replications. All yields are reported on 15.5% moisture basis.
Fertilizer at the Tripp and Todd County locations was applied 2
inches to the side and 2 inches below the seed, except for the residual
zinc fertilizer study at the Tripp County (Ahlers) location and the
sidedressed rates of nitrogen at the Todd County (Reagle) location.
At the Clay County (Hessman) site, 350 lbs. of 21-7-3 (21-3.1-2.6 elemental
basis) were applied May 8 on fall plowing. The broadcast fertilzier was
applied with a single nozzle. Injected treatments were applied with nozzles
approximately 6-8 inches below the soil surface. The first discing was
completed one day after fertilizer was applied. The Brookings County
yield search project received an overall application of fertilizer. In
the fall of 1966, 200 lbs. of N, 88 lbs. of P (200 lbs. of P2O5), and
250 lbs. of K (300 lbs. of K2O) were applied per acre and plowed down.
At planting time 40 lbs. of 8-32-16 (oxide basis) with 5% zinc were applied
as a "pop up" fertilizer with the seed. An additional 150 lbs. of N/A
were applied through the irrigation water the second week of July.
The Todd County Jocation was irrigated with an automatic sprinkler
i'^i'ig^tion system. The Brookings County location was irrigated with a
set sprinkler system and received about 10 inches of irrigation water.
One half of the plot was irrigated with regular sprinkler nozzles and the
other half was irrigated with a small sprinkler nozzle so that about .10
inch water was delivered per hour. The small nozzles were used so the
corn could be irrigated when the air temperatures reached the upper 80's.
The objective was to keep the crop cool during the high temperatures
of July and August.
All of the corn plots were treated with an organic phosphate insect
icide to control corn rootworms. Weed control was good to excellent on
all plots. Ramrod or atrazine were used on all plots. The 30-inch row
surface planted plot in Todd County and the Brookings County plot were
not cultivated.
Com leaves for several of the experiments were collected at tasseling
time for plant analysis. Eight leaves (leaf opposite and below the ear)
from each replication were combined into one composite sample. Samples
were sent to the Ohio Plant Analysis Laboratory for plant analysis.
The following table lists sufficiency levels for each nutrient for
Ohio conditions. Plant analysis from the present work in South Dakota
plus other research x^ork will be used to set up sufficiency levels for
South Dakota conditions.
Sufficiency Levels Used to Evaluate Plant Analysis for
Corn Ear Leaves Sampled at Initial Silk. Ohio Plant
Analysis Laboratory, 1966.
Element
% N
% P
% K
% Ca
% Mg
ppm Mn
ppm Fe
ppm B
ppm Cu
ppm Zn
Range
2.76-3.50
0.25-0.40
1.71-2.25
0.21-0.50
0.20-0.40
20-150
20-250
6-25
6-20
20-70
EXPERIMENTAL RESULTS
There was sufficient moisture to establish good com stands at all
locations. Germination and early growth were slow because of cool temp
eratures. June rainfall was above normal while July, August, and September
rainfall was below normal in most parts of South Dakota. Temperatures
were below normal for the entire growing season.
Soil test results are shown in Table 22. Organic matter content of the
surface soils was low at all sites. Phosphorus soil tests were very high
at the Tripp County (Nelson and Snethen) and Todd County sites. Exchangeable
potassium soil tests were high. Rainfall is shown in Table 23. Rainfall
for the growing season ranged from 11.7 inches at the Tripp County (Snethen)
site to 20.1 inches at the Clay County (Hessman) site.
Corn in Trii County
Ear corn yield, ear com moisture, and protein content of the grain
for Tripp County (Nelson and Snethen) locations are shown in Table 24. There
was no significant yield increases from the application of fertilizer. Low
rainfall and poor distribution of rainfall at these two locations probably
accounted for the 20 to 30 bushel/A yields obtained. At the Tripp County
(Nelson) site, protein content of the grain increased about 2.0% with an
application of fertilizer. The moisture content of the ear com at the
Nelson site was 5 to 7 percent lower when phosphorus and/or zinc were
applied.
Plant analysis of corn leaves opposite and below the ear at silking
time are shown in Table 24. Plant analysis of the Tripp County (Weidner)
site are shown although the com plot was not harvested. Nitrogen content
of the com leaves was low at all 3 locations (averaged about 2.2% N).
A nitrogen content of 2.8% N is considered to be adequate by Ohio standards.
Phosphorus content of the leaves averaged about .23% P at the Weidner site
which is considered to be low. The other locations had adequate plant
phosphorus. All other nutrients appeared to be adequate in the leaves
with exception of magnesium (Mg) at the Tripp County (Nelson) location.
At this location the magnesium level in the leaves averaged about .16%
Mg which is below the .21% Mg level that is the start of the sufficiency
range by Ohio's standards.
Ear com yield, ear com moisture, and protein content of the grain
for the residual zinc and phosphorus study at the Tripp County (Ahlers)
location are shown in table 25. There was no yield difference among the
various fertilizer treatments applied in 1966. Plant analyses are also
shown in Table 25. Nitrogen values of the corn leaves were low, averaging
about 2.1% N. The plot was not fertilized with N in 1967. Phosphorus
content of the leaves appeared to be slightly low, averaging about .25%
P. Magnesium (Mg) content of the corn leaves appeared to be low at this
site, averaging about .15% Mg. All other nutrients appeared to be present
in adequate amounts, except zinc which appeared to be low for all treatments
Residual value of one application of zinc placed 2 x 2 or broadcast for
listed com evidently does not provide enough zinc to increase the zinc
content of com leaves.
Irrigated Com in Todd County
Ear com yield, ear corn moisture, protein content of com grain,
plant population, and percent barren stalks are shown in Table 26 for
the Todd County location. Corn yields averaged about 40 bushels less
in 1967 than in 1966. However, results were similar for both years. For
the listed plot, addition of 10 or 20 lbs. of P/A (23 or 46 lbs. of
P2O5) decreased com yield 4.8 to 10.5 bushels/A. However, addition of
zinc with 10 or 20 lbs. of P/A increased yield about 16 bushels/A.
Addition of phosphorus and zinc increased yields 5 to 10 bushels/A above
the check plot (170+0+15+0). Addition of zinc tended to lower ear corn
moisture 3 to 4 percent.
Surface planted com in 30-inch rows was studied at this location
in 1967 to evaluate and demonstrate the use of narrow rows for irrigated
com. Approximate planting rates were used at both plots, however, stand
was reduced in the listed plot by a high intensity rain shortly after
the com plants emerged. The corn was buried by soil being washed off
the lister ridges.
Com yields were slightly higher on the surface planted plot which
may have been due to the higher plant population. Several different
treatments were studied. The high fertilizer treatment (300+44+167+10)
was applied to approximate nutrient needs for 200 bushel com. It
produced the largest yield (126 bushels/A), however, it was not an econ
omical treatment in 1967. Response to zinc was similar to the listed
plot, but phosphorus without zinc did not decrease the yield as in the
listed plot. Ear com moisture decreased about 3 percent when zinc was
applied.
Plant analysis for the Todd County plots are also shown in Table 26.
Nitrogen, phosphorus, potassium, calcium (Ca) , manganese (l-In), iron (Fe),
boron (B), and copper (Cu) appeared to be adequate. Magnesium (Mg) and
zinc (Zn) appeared to be low.
Com in Clay County
Yield of ear corn is shown in the table below. There was very little
difference in yield due to method of fertilizer application.
The Effects of Broadcast and Band Injection Placements of Fertilizer
on Com Grown in Clay County in 1967.
Method of Application
None
Broadcast & disk in
Band injection
Dunnett's Test, 5%
Treatment*
lbs/A
N + P + K
0-K)4O
74+11+9
74+11+9
Yield
Bushel of
//2 Com/A
Cooperation of Nutra-Flo Chemical Co. and Riley Grain Co. of Wakonda
is herewith gratefully acknowledged.
* 350 lbs./A of 21-7-3 (21-3.1-2.6 elemental basis).
Irrigated Com in Brookings County
Com yield, percent moisture of ear corn and other information about
the maximum corn yield plot in Brookings County are reported in Table 27.
Population levels obtained were considerably higher than originally planned.
Some of the variability in population was due to different sizes of corn
seed planted. Corn was planted with a 4-row surface planter adjusted to
20-inch rows. Excess populations probably had some influence on the yield
of the hybrids used in the experiment. The low population averaged about
36,000 plants per acre, while the high population averaged about 46,000
plants per acre.
Yield of ear corn for the low population ranged from a high of 172
to a low of 136 bushels/A. Shelled corn yields ranged from a high of 174
to a low of 139 bushels/A. Corn yields were lower for the mist irrigation
than for the regular sprinkler irrigation. However, shelling percentage
was just opposite. Ear com moisture, barren stalks, broken stalks, and
lodged stalks varied among hybrids and irrigation methods. Protein content
of the grain (determined on only the lower population and sprinkler irrigation)
varied only slightly among hybrids.
Yields for the higher population ranged from a low of 123 to a high
of 170 bushels of ear corn/A. Highest shelled com yield was 175 and
lowest shelled com yield was 126 bushels. Ear corn moisture, barren stalks,
broken stalks, and lodged stalks varied among hybrids and method of irrigation.
When the population increased, percent barren stalks doubled, but per
cent broken and lodged stalks remained about the same.
Plant analysis of the 7 hybrids at the low and high population with 2
methods of irrigation are shown in Table 28. Nitrogen, phosphorus, and
potassium appeared to be adequate in the corn leaves. Phosphorus con
centration appeared to be higher for mist irrigation. Other nutrients
appeared to be about normal except zinc which appeared to be low. There
appeared to be no difference between the plant nutrient content of the
low and high populations.
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Table 25. Effects of Residual Fertilizer on the Ear Com Yield, Ear Corn Moisture,
Grain Protein, and Nutrient Content of Corn Leaves Grown at the Tripp
County (Ahlers) Location in 1967.
Treatment* Yield Moisture Protein
lbs/A (Ear Com) (Ear Corn) (Grain) N
Bu/A. % %
Nutrient Content of Corn Leaves
p K Ca Mg Mn Fe B Cu Zn
% % % % ppm ppm ppm ppm ppmN+P+K+Zn
50+6+0+6 42,2 22.7
Ammonium Sulfate
ZINC-EL-IZER
(Broadcast)
50+6+0+2 41.1 24.8
Ammonium Nitrate
Zinc Sulfate
50+6+0+.7 39.4 26.9
Ammonium Sulfate
ZINC-EL-IZER
50+6+0+. 7 41.2 24.3
Ammonium Sulfate
(Broadcast)
ZINC-EL-IZER
(with seed)
50+6+0+2 44.7 20.4
Ammonium Sulfate
ZINC-EL-IZER
50+6+0+0 38.4 23.6
Ammonium Sulfate
50+6+0+0 41.4 25.8
Ammonium Nitrate
50+0+0+2 38.1 23.4
Ammonium Nitrate
Zinc Sulfate
Dunnett* s
Test, 5% N.S. N.S.
8.0 2.06 .19 2.20 .47 .12 54 158 6 8 12
8.1 2.21 .25 2.41 .53 .14 59 209 7 9 15
8.3 2.15 .25 2.26 .49 .17 65 207 7 9 16
8.7 2.06 .19 2.06 .50 .11 52 164 6 8 14
8.8 2.10 .29 2.19 .61 .19 70 208 8 10 18
7.9 2.13 .26 1.99 .51 .16 58 223 8 7 16
8.6 2.00 .23 1.92 .49 .14 51 181 7 7 14
8.2 1.98 .26 2.03 .48 .13 53 159 8 6 13
* No fertilizer applied in 1967. Treatments indicated were applied for the 1966
Corn Crop. Fertilizer was placed 2x2 unless indicated.
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Table 27. Yield, Ear Moisture, Protein, Plant Population, Barren Stalks,
Broken Stalks, and Lodged Stalks for Seven Corn Hybrids from
the 1967 Maximum Corn Yield Plot in Brooklngs County.
Corn Hybrid
Corn Yield Ear Corn Plant Barren Broken Lodged
Bu/A Moisture Protein Pop. Stalks Stalks Stalks
Ear Shelled % % Per Acre % % %
Low Population Sprinkler Irrigation
171.8 174.2 36.2 7.8 35,600 7.4 5.9 2.9
172.4 168.1 40.9 8.5 33,500 4.7 3.1 1.6
149.4 149.4 39.5 8.3 34,500 9.1 3.0 1.5
164.3 163.9 33.5 3.6 35,100 9.0 4.5 1.5
154.4 156.7 37.5 7.8 38,700 12.2 2.7 4.1
171.4 171.7 39.3 8.2 36,100 4.4 1.4 1.4
162.6 162.8 35.5 7.7 38,200 9_.e 9^ 5_;^
163.8 163.8 37.5 8.1 35,960 8.1 4.3 2.6
Low Population Mist Irrigation
170.9 174.2 39.8 35,100 6.0 6.0 7.5
146.4 151.7 33.7 40,800 10.3 6.4 1.3
157.9 158.9 41.4 37,200 7.1 2.8 1.4
162.5 165.8 40.4 36,600 8.6 12.9 5.7
145.6 150.4 33.6 39,300 12.1 4.0 4.0
136.5 139.9 37.3 30,400 6.9 8.6 1.7
157.2 160.7 36.5 38,200 9.6 _6^ 2^
153.9 157.4 37.5 36,800 8.7 6.8 3.3
High Population Sprinkler Irrigation
Trojan TXS 102
Sokota TS 49
NK PX 50
Pioneer 3926
Pioneer 3582
Dekalb XL 45
Dekalb XL 306
Average
Trojan TXS 102
Sokota TS 49
NK PX 50
Pioneer 3926
Pioneer 3582
Dekalb XL 45
Dekalb XL 306
Average
Trojan TXS 102 141.6 140.4 43.9
Sokota TS 49 151.9 151.6 36.9
NK PX 50 169.8 175.0 32.6
Pioneer 3926 155.6 155.6 36.3
Pioneer 3582 152.0 154.8 38.9
Dekalb XL 45 139.5 138.1 38.7
Dekalb XL 306 135.8 131.0 44.6
Average 149.5 149.5 38.8
49,200 17.1 3.2 4.3
44,500 16.5 7.1 3.5
49,200 14.9 6.4 2.1
46,600 18.0 4.5 5.6
45,000 12.8 1.2 2.3
47,600 17.6 3.3 2.2
40,800 14.2 3.8 0.0
46,130 15.9 4.2 2.9
High Population Mist Irrigation
Trojan TXS 102 148.3 150.2 42.7
Sokota TS 49 151.4 153.6 42.3
NK PX 30 162.4 165.2 38.7
Pioneer 3926 128.5 131.7 35.6
Pioneer 3582 149.4 154.6 40.3
Dekalb XL 45 123.4 126.1 38.3
Dekalb XL 306 170.0 172.2 42.4
Average 147.6 150.5 40.0
45,000 16.3 4.6 9.3
46,600 14.7 2.2 4.5
40,300 13.0 6.5 5.2
44,000 20.3 9.5 2.4
47,100 17.8 4.4 2.2
53,400 23.6 6.9 2.9
48.700 15.1 2.1 2.1
46,400 17.3 5.2 4.1
Note: Values given are the average of two replications with two subsamples from
each replication with exception of percent protein which was determined
on a composite sample.
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NITROGEN RATE DEMONSTRATION ON CORN
The objective of the nitrogen rate project was to establish the
most profitable rate of nitrogen fertilizer for corn. Sufficient
measurements of soil moisture, rainfall, nutritive levels in soils
and plants, and crop yield were determined for correlation purposes.
METHODS AND MATERIALS
Representatives of Farmland Industries worked with their dealers
in selecting farm cooperators. Extension Soils Specialists established
the plots with the consent of the local County Agent. Locations were
selected to give a variety of soil types.
The demonstration program initially included 34 cooperators. Due
to drought conditions in parts of the state during July and August and
other miscellaneous circumstances, final data from only 20 sites were
obtained. These 20 sites were located in 14 different counties of the
state as indicated in Table 29. Each site included two replications
of the desired treatment comparisons. Treatments illustrated below
were not randomized. Maximum nitrogen rates varied from 80 to 160
pounds actual nitrogen per acre, depending on corn yield potential of
the sites.
Demonstration Field Plan
Rep II 2X IHX X 0//N
Rep I 0#N ijX X IhX 2X
X = recommended nitrogen rate
It should be remembered that these yield data were taken from a
general type field demonstration. Variability and unavoidable error
occurred because small harvest areas were taken for yield purposes and
only two replicates were used. Nevertheless, data agreement in this
study appears to be reasonably good. Thus, we are reasonably confident
of its validity.
Recommendations for phosphorus and potassium were obtained at each
site by soil tests. Soil test results are sliown in Table 29.
Nitrogen fertilizer material used was pelleted ammonium nitrate
sulphate (30-0-0) obtained through TVA. Phosphorus and potassium needs
of the fields, as determined by soil test, were applied uniformly over
all nitrogen treatments. Nitrogen fertilizer was broadcast on the soil
surface in the spring and worked in prior to planting.
Orij*inal plans called for rainfall records to be taken at each site
and periodic soil moisture determinations to be taken by power probe to
a depth of 4 feet on 20 of the more uniform demonstration sites. Plot
abandonment and inconsistant cooperator response in some cases accounted
for the spotty moisture data appearing in Table 30. In nearly every case
heavy rainfall occurred in June, however, much of the corn crop may
have been under serious moisture stress during late July and August
because of limited rainfall during those two months.
Protein analysis on corn grain was determined by the Kjeldhal procedure
and calculated on 14% moisture basis. This data appears in Table 31.
Leaf samples (leaf opposite and below the ear) were taken at tasseling
time from three N levels at each site and analyzed. Plant analysis data
are shown in Table 31.
Treatments at each site were hand harvested. Three 15-foot segments
of rox>r (45' total) x^rere picked in each treatment of each replicate. Corn
yields were corrected to 15% moisture.
EXPERIMENTAL RESULTS
Yield as Affected by Nitrogen Rate
Fourteen sites out of twenty sites harvested or nearly 75% gave what
appeared to be profitable responses to nitrogen fertilizer as shown in
Table 31. This was during a year not considered climatically desirable
for good corn production. Four of the six sites not responding contained
obvious variability in yield data. Some of these irregularities included
heavy thistle infestation in fertilized treatments, extreme variability
in stand including missing rows, and very late planting on soil with poor
tilth (plowed too wet).
Recommended rate or slightly above this rate appeared to give the
best results in terms of additional return per acre over fertilizer cost
in 1967 under these climatic and management conditions. In only one instance
did the top nitrogen rate, equal to approximately double the recommended
rate normally made for that site, appear to give economical returns over
and above the fertilizer investment.
The following comparisons identify the relative nitrogen level at
each of the 20 sites when averaged according to yield potential.
^ (Ten sites) Those soils xvith highest com yielding potential
where 160 lbs. actual N/A was maximum rate.
Lbs. of N/A Ear Corn Yield
Bu/A
98.6
103.9
109.2
112.4
107.6
Averaging the optimum nitrogen rates and the corresponding yield increase
at these sites, 88 lbs. actual N/A increased yields 15 bushels/A over the
check.
Category 2 (Seven sites) Those soils with medium corn yielding potential
where 120 lbs. actual N/A was maximum rate.
Lbs. of N/A Ear Corn Yield
Bu/A
61.7
68.1
75.8
73.8
73.9
Averaging the optimum nitrogen rates and the corresponding yield increase
at these sites, 69 lbs. actual N/A increased yields 20 bushels/A over the
check.
Category 3 (Three sites) Those soils with the lower corn yielding potential
where 80 lbs, actual N/A was maximum rate.
Lbs. of N/A Ear Corn Yield
Bu/A
46.3
51.4
50.4
58.9
52.2
Averaging the optimum nitrogen rates and the corresponding yield increase
at these sites, 53 lbs. actual N/A increased yields 13.0 bushels/A over
the check.
If we average the optimum nitrogen rates of the 14 sites that showed a
profitable response over and above the investment in fertilizer, 77 pounds of
actual nitrogen/A increased corn yields 21 bushels/A. If we average all 20
sites, 76 pounds of actual nitrogen/A increased corn yields 16 bushels/A.
Return over and above fertilizer investment can then be computed using local
prices for corn and nitrogen fertilizer. According to this data, it appears
that farmers would receive at least approximately tvro dollars in return for
every one dollar invested in recommended nitrogen fertilizer rates, assuming
that phosphorus and potassium nutrient levels are not limiting.
Protein asAffected by Nitrogen Rate
It is interesting to note the effect of nitrogen rates on protein content
in corn grain (Table 31). In nearly every case at least moderate increases
in protein level over and above those of the check plot (no nitrogen) resulted
where nitrogen fertilizer was used. This was true of sites that gave yield
responses to nitrogen as well as those that did not. Additional protein from
nitrogen applications is often overlooked by farmers, yet it represents
additional return from investment in fertilizer.
N^^ogen Concentration in Corn Leaves as Affected by Nitrogen Rate
TT-.u interesting to compare relative nitrogen levels among treatments.With few exceptions, nitrogen fertilizer appeared to increase the nitrogen
content of the corn leaves. Table 32 reflects the average relationships of
percent nitrogen in leaves and percent protein of the grain at sites that
responded to nitrogen fertilizer, as well as those which did not respond.
There also appeared to be an interesting direct relationship among nitrogen
rea raent, percent nitrogen in leaves at tasseling, and protein percentage
of corn grain at harvest.
Moisture Relationships
Where complete growing season records were available (Table 30) higher
yields occurred where total rainfall and available soil moisture appeared
to be highest. By the same token, water use efficiency expressed as bushels
per inch of water used was more favorable at the higher yielding sites.
Table 29. Soli Type, Organic Matter, Nitrate Nitrogen, Soluble Phosphorus,
Exchangeable Potassium, and pH of the soils for the 1967 Nitrogen
Rate Demonstration on Com.
County
(Cooperator)
Clay
(Mellem)
Clay
(Larsen)
Lincoln
(Bovill)
Lincoln
(Rasmussen)
Minnehaha
(Pearson)
Roberts
(Peterson)
Yankton
(Nelson)
Yankton
(Schulz)
Minnehaha
(Ohme)
Turner
(Miller)
Soil Assoc.
Kranzburg
Brookings
Kranzburg
Beadle
Kranzburg
Beadle
Moody Nora
Alcester
Kranzburg
Vienna
Beotia Great
Bend
Eckman
Houdek
Bonilla
Depth
In
Inches
0-6
6-12
12-24
24-36
36-48
0-6
6-12
12-24
24-36
36-48
0-6
6-12
12-24
24-36
36-48
0-6
6-12
12-24
24-36
36-48
0-6
6-12
12-24
24-36
36-48
0-6
6-12
12-24
24-36
36-48
0-6
6-12
12-24
24-36
36-48
Organic Nitrate
Matter Nitrogen P K
% ppm lbs/A lbs/A
Table 28. (Continued)
County
(Cooperator)
Brown
(Sperry)
Brown
(James)
Hand
(Ollgmueller)
Soil Assoc.
Beotia
Harmony
Bonllla
Houdek
Bonllla
Houdek
Houdek
Depth
In
Inches
0-6
6-12
12-2A
2A-36
36-A8
0-6
6-12
12-2A
2A-36
36-A8
0-6
6-12
12-2A
2A-36
36-A8
0-6
6-12
12-2A
2A-36
36-A8
Organic Nitrate
Matter Nitrogen P K
X ppm lbs/A lbs/A pH
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Table 32. Effect of Nitrogen on Protein Content of Com Grain and Nitrogen
Content of the Corn Leaves from the Nitrogen Rate Demonstrations
in 1967.
Nitrogen Rate
Middle Nitrogen Rate
High Nitrogen Rate
Middle and High
Sites Sites
Responding (14) Not Responding (6)
% Protein* % Nitrogen** % Protein* % Nitrogen**
* % Protein in com grain at harvest
** % Nitrogen in com leaf (leaf opposite and below ear) at tasseling
